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Следует отметить, что реализация такого механизма характерна 
для статических и динамических условий нагружения материалов 
различного состава, упрочненных высококонцентрированными ис-
точниками нагрева, в частности плазменной струей. Ударная вязкость 
стали 150ХНМ после плазменного упрочнения также снижается, од-
нако в значительно меньшей степени, чем после объемной закалки. 
Плазменное упрочнение стали с микрооплавлением поверхности 
приводит к полному растворению цементитной и графитной фаз и 
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Analysis of work, aimed at increasing productivity processes chemical 
and heat treatment, indicates that, along with traditional research in this 
field is the search in the direction of intensification of diffusion processes. 
It is known that the resulting diffusion methods boride layers on steel 
with high hardness and wear resistance in various conditions wear as in 
couple of friction in dry friction-slip, and at hydroabrasive action. The main 
disadvantages of forming boride layers is a low growth rate boride needles 
and predisposition to cracking while increasing layer thickness. High 
operational characteristics obtained only when a layer of borides 
sufficiently solid foundation. 
Boriding in an external magnetic field (EMF) – one of the new trends 
in physical materials. The external magnetic field is used to intensify the 
diffusion saturation working surfaces of metal products chemical elements 
(boron, carbon, silicon, etc.). At boriding in EMF significantly intensified 
diffusion processes, which in turn leads to a decrease the time necessary for 
saturation. Because considerable interest is the study of the effect of 
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external magnetic field on the processes boriding. 
It was established that the application of an external magnetic field 
(EMF) formed a continuous, homogeneous boride layer with thickness 
coatings in 2 times higher than boride coatings without EMF for the equal 
duration of the process. When imposing EMF in boride layers observed the 
redistribution quantitative relation boride phases, namely: decrease of 
volume phase FeB, and on diffractograms surface layers boride coatings 
obtained after boriding fixed presence phases FeB and Fe2B. After complex 
saturation boron and copper in the application of external magnetic fields 
fixed phases FeB and Cu. 
The highest spalling stress value is reached in boride phases, obtained 
in powder environments with copper powder at the application of EMF, 
and respectively is 345 MPa at crack resistance 2.23 MPa · m0,5 compared 
to 243 MPa at crack resistance 1.67 MPa · m0,5 for coating obtained 
without EMF. Increased spalling stress values in complex layers obtained 
after saturation with boron and copper caused by the formation of phases 
more viscosity, for which crack K1c in 1.4-1.7 times higher than the initial 
boride phases FeB and Fe2B. 
Application of EMF at boriding improves tribological characteristics 
of coatings: decreases coefficient of friction and increase in 1.5-2.5 times 
wear resistance. 
We have investigated the wear resistance under dry friction – slip on 
the air boride coatings doped with Cu, Ti, Cr, V, Nb and carbide-based 
coatings on Ti 45 steel. Samples of steel 45 with a diffusion cover 
additional heat treatment is not subjected. The thickness of the diffusion 
boride layers was 100-120 microns, and titanium carbide –  14-16 microns. 
Established that the best coatings under dry friction – wear are boride 
phases FeB and Fe2B doped with copper (Fig. 1.), which increase the wear 
resistance of boride layers without doping in 3 times. Then, as carbide 
coatings under dry friction – slip in the air torn down within 20 minutes of 




Fig. 1. Surface boron 
coating alloying copper 
to steel 20 
 
      





We researched of wear resistance of boron coatings alloyed with Сu, 
V, Nb, Cr or Ti under dry friction – slip in the air, when alloying of boride 
layers with niobium wear resistance increases in 2,8 times, with  titanium – 
in 2,4 times, with chromium and vanadium – in 1,5 times. Wear resistance 
of boride coatings alloyed with copper under dry  friction – slip 14 times 
higher than wear resistance of bronze of Cu – Al – Mn system and wear 
resistance increases when applying boride layers alloyed with copper. 
The wear duration of samples was 300 minutes. Their weight was 
measured every 10 minutes. After tests the dependance of mass loss on 
wear duration, mass loss on the distance length and speed of wear on the 
wear duration was built for each coating. To compare wear resistance of 
coatings for different time the data are presented as bar chart. 
These data show that the coating alloyed with copper has the best 
indices of wear resistance. This is because copper inclusions act as solid 
lubricants. Wear resistance of alloyed boron layers increases in the 
following order: 
Fe2B(Fe+V)2B(Fe+Cr)2B(Fe+Ti)2B(Fe+Сu)2B. 
During the formation of boride coatings takes place mass transfer 
between the surface of the material and an active gas medium, which is 
formed in the reaction space during chemical reactions. These reactions can 
take place simultaneously or sequentially, not only in the active volume of 
the gas phase, but also at the interface with the material being treated, as 
well as within the latter. These reactions significantly affect the course of 
the process of coating formation. 
The pilot study preceded by determine the main chemical reactions 
that take place in a closed reaction medium by means of thermodynamic 
analysis. As raw the components used powder boron carbide, copper oxide 
and fluoroplastic which heating and maintenance, in the closed reaction 
space leads to the passage of a large number of chemical reactions. 
It was calculated more than 100 oxidation - reduction reactions that 
take place at the complex saturation steel with boron or boron and copper. 
To determine the thermodynamic possibility of chemical reactions, 
expected change in the thermodynamic potential of the chemical reactions 
at different values temperature using software HSC 5.1 CHEMISTRY. 
As a result, research has been allocated to a group of exchange-type 
reactions in which the thermodynamic probability of the reaction products 
is significantly higher than the rest of the reactions. 
1. 14Fe + B2O3 + 3B4C = 14FeB + 3CO (g) 




2. 28Fe + B2O3 + 3B4C = 14Fe2B + 3CO (g) 
3. 42Fe + 2B2O3 + 6B4C = 14Fe2B + 14FeB + 6CO (g) 
4. 3Cu2O + 2Fe = 6Cu + Fe2O3 
5. 7Cu2O + B4C = 14Cu + 2B2O3 + CO (g) 
Investigations have shown that this method saturation (Boriding and 
complex saturation with boron and copper at applying EMF) allows the 
application of boride coatings in 1.5-2 times decrease the duration 
saturation detail, and receive coating with high hardness, wear resistance, 
crack resistance. 
At applying the EMF changed the morphology of boride layers, 
needle-shaped grains decreases sharply, disappear separately sprouted into 
the matrix grain borides. Needle grain boride phases in close contact with 
each other and formed a solid, homogeneous boride layer thickness is in 
2 times higher than the boriding without EMF. 
The investigation of the kinetics growth boride layers on carbon steel 
in different physical and chemical conditions. It was established that after 
the diffusion saturation of carbon steels in boride mixtures at using EMF, 
increases coating thickness and the duration of the saturation decreases in 
2-3 times. 
At the application of an external magnetic field observed 
redistribution boride phases. At overlay EMF in boride layers observed 
decrease volume phase FeB and on diffraction pattern surface layers boride 
coatings obtained after boriding presence phases FeB and Fe2B. After 
complex saturation with boron and copper in conditions of action an 
external magnetic fields recorded phases FeB and Cu. 
At application of EMF at boriding improves tribological 
characteristics of coatings: decreases coefficient of friction and increase in 
1.5-2.5 times wear resistance. 
Investigated the wear resistance in the under the dry friction – slip on 
the air boride coatings saturated Cu, Ti, Cr, V, Nb and carbide coatings on 
the basis Ti on steel 45. It was established that the best coatings in the 
conditions of under dry friction – wear is boride phase FeB and Fe2B 
obtained after complex saturation with B and Cu which increase the wear 
resistance without alloying boride layers in 3 times. Then, as carbide 
coatings in conditions of under dry friction – slip on air worn out after 
20 minutes of research. Wear resistance of boride layer in 30 times higher 
than the wear resistance of bronze. 
 
 
